This study was conducted with grazing nursing calves (197 kg) to determine the effects of 1) limiting creep feed intake and 2) increasing the concentration of ruminal escape CP in creep feed at a limited level of creep feed intake on fescue and milk intake, ruminal NDF digestion, and total tract digestibility in calves fed high-quality, freshly harvested fescue. The treatments were 1) control (no creep feed), 2) limited intake of creep feed (.60 kg/d) having a moderate concentration of CP (13%), 3) limited intake of creep feed (.60 kg/d) having a high concentration of CP (35%), and 4) unlimited (high) intake (1.62 kg/d) of the same creep feed fed in Treatment 2. Forage OM intake was negatively correlated (r = -.995, P < .05) with level of creep feed OM intake, whereas milk OM intake was not affected by level of creep feed intake. Decreases in ruminal fiber digestion and total tract NDF digestion caused by unlimited creep feeding were partially avoided by limiting creep feed intake. Digestible OM intake increased by .47 kg per kilogram of creep feed OM intake.
feed exceeds 25% of the DM entering the rumen.
Ruminal ammonia concentrations generally do not limit ruminal microbial growth in cattle grazing cool-season grasses. However, as much as 34% of the N consumed can be lost before the duodenum, presumably as ammonia absorbed from the rumen (Beever and Siddons, 1986) . Because of this N loss, the supply of amino acids to the small intestine may limit the growth of cattle grazing cool-season grasses. Anderson et al. (1988) demonstrated that supplementing yearling steers grazing smooth bromegrass in the spring or fall with ruminal escape protein increased AJX. It is possible that the growth of grazing nursing calves would increase in response to supplementary ruminal escape protein.
Data describing the effects of creep feeding on digestion criteria in creep-fed calves are very limited. This study was conducted to determine the effects of 1) limiting creep feed intake and 2) increasing the concentration of escape CP in creep feed at a limited level of creep feed intake on fescue and milk intake, ruminal forage digestion, and total tract digestibility in calves fed freshly harvested fescue.
Yaterlals and Methods
Experimental Design and Sample Collection. Four Simmental x Angus nursing steer calves (197 f 1.1 kg) were ruminally cannulated at the University of Illinois College of Veterinary Medicine Teaching Hospital. The surgical site was anesthetized with 2% lidocaine, the hair was clipped, and the site was disinfected. Antibiotics and analgesics were administered for 48 h after surgery and the surgical site was regularly inspected. The calves were separated from their dams and individually penned. Moderate CP High CP % of DM Treatment 4 was meant to simulate the level of intake of calves allowed unlimited access to creep feed (Cremin et al., 1989) and, therefore, is described as unlimited, even though intake was fixed to avoid period x treatment interactions. The ingredient composition of the creep feeds is given in Table 1 and the chemical composition in Table 2 . Corn gluten meal was substituted for corn and oats to increase the escape CP concentration because corn gluten meal is high in ruminal escape CP (NRC, 1985) . A sample of each type of creep feed was saved each period for subsequent analyses.
Each dam and her calf were housed in individual pens, the dam's pen adjacent to the calf's pen, to allow the calf to nurse at 0700 without giving the dam access to the calf' s feed Dams were removed at 0730, at which time creep feed and fescue were fed. Calves were allowed to nurse their dams again from 1900 to 1930. Fescue was harvested with a lawnmower set to cut approximately 2.5 cm above the ground. The field was irrigated weekly because of a severe drought. On d 9 through 14 of each period, fescue intake was measured. The amount of fescue offered and refused was weighed daily. At feeding, 3% of the fescue offered and 5% of the fescue refused was saved, frozen, and composited by animal and period. Calves were offered fescue until approximately 30% of it was refused.
To determine total tract digestibility, a gelatin capsule containing 3.5 g of Cr as Cr2O3 (digestion marker) was inserted into the rumen daily at 0700 and 1900. Sixteen fecal grab samples were collected from the calves on d 11 through 14 of each period and frozen immediately. The samples were collected 6 h apart within each day, and the sampling times were advanced 1.5 h each day to obtain samples representative of a 24-h period.
Daily milk intake for each period was estimated by measuring milk production of the dams at 1930 on d 14 instead of allowing the calves to nurse and assuming that milk intake equaled milk production. The dams were given 60 USP units of oxytocin in the jugular vein and milked by machine. The milk was weighed and a 120-ml sample was saved. A preservative (2-bromo-2-nitropropane-l,3 diol) was added to the sample, and it was stored at 4" C until analyzed. Twenty-four-hour milk production was calculated as milk weight x 2.
Ruminal fluid samples were collected on d 11 through 13 of each period at -3, 0, 3,6, 9, 12, 15, 18, 30, 36, and 6-cm x 12cm dacron bag with a pore size of 20 to 70 pm. Bags were weighted so that they remained below the mat layer of the rumen. Duplicates were inserted into the rumen of the calves 3, 6, 9, 12, 15, 25, 37, and 49 h before removal at 2200 on d 14. After removal, the bags and duplicate bags not incubated in the rumen (0 h) were rinsed by swirling and gently squeezing them in a barrel of tap water. The water was changed until it remained clear. Bags were frozen until they were thawed for subsequent analyses.
Sample Analyses. Before analyses, creep feed samples were ground in a Wdey mill to pass a l-mm screen. Samples of feces, fescue, and refusals were thawed and dried at 55'C in a forced-air oven; feces were ground to pass a 2-mm screen and fescue and refusals were ground to pass a l-mm screen. Creep feed, fescue, refusals, and fecal samples were analyzed for DM, OM, and Kjeldahl N (AOAC, 1984) . Fescue and refusals were analyzed for NDF, ADF, and ADL according to the procedures of Goering and Van Soest (1970) except that decalin and sodium sulfite were omitted. To remove interference from starch in NDF and ADF in creep feed and fecal samples, these samples were analyzed according to the methods of Jeraci et al. (1988) except that 2 ml of Bacillus a-amylase7 was added to the sample in the filter crucibles and allowed to incubate for 1 min. Bacillus amylase solution was prepared by suspending 2 g of enzyme in 100 ml of distilled water and filtering the suspension through Whatman 541 filter paper.
Solids nonfat (SNF) concentration in milk was determined according to the procedure of Golding (1959) . Milk fat and CP concentrations were determined by infrared analysis8. The ash concentration in milk was assumed to be 6.3% on a DM basis (NRC, 1982) . Intake of milk OM was calculated as (SNJ? intake + fat intake) x .937. Lactose intake was calculated as OM intake -(CP intake + fat intake).
To determine total tract digestibility of the components of the total diet, Cr concentration in feces was determined (Williams et al., 1962) . Daily fecal output was Calculated as daily Cr intakdCr concentration in feces.
Ruminal fluid samples were thawed and centrifuged twice at 17,750 x g for 20 min, and the precipitate was discarded each time. The supernatant was subsequently analyzed for Co concentration using atomic absorption spectroscopy9 at a wavelength of 240.7 nm.
An oxidizing air-acetylene flame was used with slit width of .2 nm. Fluid dilution rates were calculated as the slope of the regression line of the natural logarithm of Co concentration on hours postdosing. Ruminal fluid volume was estimated by dividing the amount of Co dosed by the anti-natural logarithm of the Y-intercept of the above regression. Ruminal fluid outflow was calculated as FDR x ruminal volume x 24. Volatile fatty acid concentrations were measured using a gas chromatograph1* equipped with a hydrogenflame ionization detector. A Supelco" GP 10% SP-1200 column (185 cm x 4 mm i.d.) packed with Chromosorb WAW (80-100 mesh) coated with 1% H3P04 was used. The carrier gas was N2 at a flow rate of 75 Wmin.
The injector temperature was set at 175"C, the column at 125'C, and the detector at 180°C.
Total VFA concentration was acetate + propionate + butyrate + isobutyrate + valerate + isovalerate concentration. Ammonia N concentrations were determined according to the method of Chaney and Mahach (1962) .
Bags from the in situ study were thawed and dried for 36 h at 55°C. Dry matter remaining was determined by drying at 105°C for 24 h. Percentage disappearance of DM was
Statistical Analysis. Data were analyzed using ANOVA according to the GLM procedure of SAS (1985) . Intake and digestibility data were analyzed using a model appropriate for a Latin square design. Treatment, animal, and period effects were classification variables. Ruminal pH, VFA, and N H 3 N concentrations and percentage of fescue disappearance from in situ bags were analyzed using a model appropriate for a split-plot design. Treatment, period, and animal effects were classification variables in the main plot and time and treatment x time effects were classification variables in the sub-plot. The treatment x period x animal interaction mean square was the enor term for main-plot effects and the hour x period x animal interaction within treatment mean square was the error term for sub-plot effects. Treatment variation was partitioned into single degree of freedom contrasts. were designed to determine the effects of increasing intake of creep feed on the variables measured. Contrast 2 was designed to determine the effect of increasing escape protein intake at a limited level of creep feed intake on the variables measured. The level of probability at which effects were considered significant was P < .05. No effect was assumed when P > .lo.
Results and Dlscusslon
The fescue in this study was high in quality, as indicated by the high CP and low fiber concentrations ( Table 2 ). The quality was high because fescue was irrigated and kept in a vegetative state by repeated harvesting. The forage in this study was of similar quality to that found by Steen et al. (1979) . The results of this study could be extrapolated to nursing calves grazing a high-quaIity fescue.
The calves consumed the creep feed before the forage. All the creep feed was consumed within 1 h after feeding whereas most of the forage was consumed within 2 h after feeding and at sundown. These intake patterns are probably similar to those of grazing cattle (Welch and Hooper, 1988) . Intake data are presented in Table 3 . None of the contrasts was significant for fescue or milk OM intake, although there seemed to be a reduction in fescue OM intake as creep feed OM intake increased. A negative correlation (r = -.995) between the level of creep feed OM intake and fescue OM intake ( Figure 1 ) supports this conclusion. There was no correlation (P > .94) between level of milk OM intake and creep feed OM intake, suggesting that creep feed OM intake did not affect milk intake. There were no significant contrasts for intake of any milk components except a 13% lower milk protein intake for calves fed the limited vs control creep feed treatments. It is doubtful that this difference is biologically significant. There were no significant contrasts for total OM, NDF, or ADF intake ( Table 4) . Total OM intake was positively correlated (r = 9 9 ) to creep feed intake because fescue OM intake decreased more slowly than creep feed OM intake increased (Figure 1 ). Intake of NDF and ADF were negatively correlated (r = -.979 and r = -.984) to creep feed intake (data not shown) because creep feed had a lower concentration of fiber than fescue. Thus, the fiber concentration of the diet decreased as creep feed intake increased.
Contrasts for total CP intake were not significant and CP intake was not correlated to creep feed OM intake. Anderson et al. (1988) estimated that the ruminal escape CP in smooth brome was approximately 11% of the total CP. The concentration of escape CP in the fescue in the present study is probably similar because both grasses are cool-season grasses of similar quality. Corn and corn gluten meal CP are approximately 60% escape CP (NRC, 1985) . Assuming that all milk protein bypassed the rumen, the intake of ruminal escape protein was estimated (.318, .319, .415, and .437 kg/d for the control, limited MP, limited HP, and unlimited treatments). For calves similar to those used in this study and gaining 1.0 kg/d, NRC (1985) recommends .806 kg/d CP of which .350 kg/d is ruminal escape CP. Comparing these recommendations to the total CP intake, it appears that total CP intake is insufficient for the control, limited MP, and unlimited treatments. However, as discussed below, ruminal NJ33 N (Table 5) . This reduction may reflect the fact that a larger proportion of the OM entering the m e n on the unlimited creep feed treatment was corn and corn gluten meal. These feeds are lower in ruminally degradable CP and the carbohydrate in them is more rapidly fermentable than fescue. There was a treatment x hour interaction, Ruminal N H 3 N concentrations peaked after feeding, then decreased rapidly and remained fairly constant for the rest of the day.
Ruminal N H 3 N concentrations for all treatments were greater than 5 mg/d at all times sampled. Thus, ruminal microbial growth should not have been limited by N H 3 N concentration (Satter and Slyter, 1974) .
Total ruminal VFA concentration (Table 5) for the unlimited creep feed treatment was greater than for the limited creep feed treatments. In general, concentrate is more rapidly fermented than forage; consequently, the rumi-feed treatments. There were no significant nal concentration of VFA may increase. Molar contrasts for molar proportion of propionate or proportion of acetate decreased and molar other VFA (valerate + isovalerate + proportion of butyrate increased as level of isobutyrate). Because acetate decreased only creep feed OM intake increased 6.om control slightly and propionate molar proportion did to limited and from limited to unlimited creep not change, there were no sisnificant contrasts for acetate:propionate ratio. Nor were there significant contrasts for fluid dilution rate (7.1 %/h, SEM = .4), ruminal fluid volume (21 liters, SEM = 2). or ruminal fluid outflow rate (36 litersld, SEM = 3).
Decreased ruminal pH of creep-fed calves may have decreased ruminal NDF digestion. Hoover (1986) concluded that a decrease in ruminal fiber digestion occurs when ruminal pH falls below 6.0. The limited creep feed treatments had a ruminal pH at or below this point for 9 h (1330 to 2230, Figure 2 ). The unlimited creep feed treatment decreased pH to a greater extent and for a longer time than the limited treatment (below pH 6.0 for 12 h, Figure 2 ). These results suggest that as creep feed intake increased, ruminal pH decreased, and this probably decreased ruminal fiber digestibility.
Data from the in situ study ( Mould et al. (1983/84) suggest that ruminal fiber digestibility begins to decrease rapidly when the DM entering the rumen consists of between 25 and 50% concentrate. Results of the present study corroborate these results.
Although the above data (Figure 2 and Table 6 ) suggest that ruminal fiber digestibility could be decreased by creep feeding, no difference in total tract NDF digestibility was detected between the control and limited treatments ( Table 7 ). The limited treatments may have increased ruminal particulate retention time compared with the control treatment, demonstrated that total tract apparent fiber digestibility decreased when concentrate was greater than 30% of total DMI.
There were no significant contrasts for apparent total tract OM digestibility or digestible OM intake (DOMI, Table 7 ). However, DOMI was positively correlated with creep feed OM intake (r = .988; Figure 1 ). There are two main reasons why DOMI was positively correlated to creep fed OM intake. Creep feed OM intake increased more rapidly than forage OM intake decreased, resulting in an increase in total OM intake. Also, the NDF concentration of the diet decreased as creep feed OM intake increased, consequently, decreased NDF digestibility on the unlimited treatment did not have a large effect on total diet digestibility of the unlimited treatment. The limited treatments tended (P < .lo) to increase CP digestibility vs the unlimited treatment, but it is doubtful that this difference is biologically significant. There were no significant contrasts for ADF digestibility and CP and ADF digestibilities were not correlated to creep feed OM intake.
Increasing the concentration of escape CP in creep feed at a limited level of creep feed intake (limited HP vs limited h4P) did not affect any of the digestion criteria measured in this study. Limiting creep feed intake to .60 kg/d avoided some of the decrease in ruminal fiber digestion observed at the unlimited level of creep feed intake (1.62 kg/d) and tended to avoid some of the decrease in total tract NDF digestion. Digestible OM intake increased linearly as creep feed OM intake increased as a result of an increase in total OM intake and a decrease in fiber intake.
Implications
Limiting creep feed intake partially avoided a decrease in ruminal fiber digestibility. However, digestible OM intake increased linearly as level of creep feed OM intake increased.
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